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report the most detailed analysis so far of the oceanographic mechanisms that underlie yearto-year variations in a major pathway by which fixed nitrogen is lost in the ocean.
The oceanic inventory of fixed nitrogen is determined by the balance of supply and loss. Supply occurs through microbial fixation of nitrogen gas (N 2 ) by a group of mostly photosynthetic microorganisms, and is currently estimated to be globally about 100 teragrams of nitrogen per year (Tg N yr −1 ; 1 Tg is 10 12 g) -although the estimates vary by more than ± 50% (ref. 2) .
Loss of fixed nitrogen occurs under lowoxy gen conditions in the ocean's water column and sediments, through biochemical pathways that produce N 2 . One major pathway is denitrification, which is carried out by microorganisms that use nitrate instead of oxygen to decompose organic matter. Another pathway is the oxidation of ammonium, performed by a different group of microbes in the absence of oxygen. Both pathways (hereafter collectively referred to as denitrification) are estimated to remove 70 ± 50 Tg N yr −1 from the water column and 190 ± 64 Tg N yr −1 from sediments 3 . Although the estimates of N 2 fixation and denitrification have large uncertainties, they imply that the oceanic fixed-nitrogen inventory is not currently balanced.
The ongoing loss of oxygen from the warming oceans could further increase watercolumn denitrification, potentially leading to a significant reduction in the fixed-nitrogen inventory. Indeed, evidence suggests that large changes in this inventory coincided with variations in global climate in the past 4, 5 . But the size and underlying mechanisms of past changes, and of those that might occur in the future, remain uncertain. A more accurate quantification of the current nitrogen budget and improved projections of its future trajectory are needed. Computational models of the Earth system are our only means of making such predictions, but these currently disagree with each other in their projections of primary production and oxygen concentrations below the surface of tropical seas 6 . Low-oxygen zones that have an ample supply of organic matter are hotspots for denitrification, but little is known about the temporal variation of denitrification or how it is driven by ocean processes. Two of the three bacteria in the cytoplasm, and how they drive bacterial destruction, are key unanswered questions. Determining why IpaH9.8 targets some GBPs and not others might require structural studies that could also provide results with implications for antibiotic drug design. With the identification of the complete GBP family and other closely related immunesystem enzymes several years ago 3, 7, 11 , an exciting chapter in host-pathogen biology has begun. Expect more plot twists and intriguing characters as this fascinating story of intracellular skirmishes during infection continues to unfold. ■ 
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Ocean hotspots of nitrogen loss
Microbial activity in the sea results in a loss of bioavailable nitrogen. It emerges that the climate phenomenon called the El Niño-Southern Oscillation has a surprisingly large effect on the size of this loss. Yang et al. 1 report that this increases the 'rain' of organic matter from the surface into the shallow lowoxygen zone, promoting denitrification (yellow arrows) -microbial processes that convert nutrients known as fixed nitrogen into nitrogen gas, which cannot be used by most marine photosynthetic organisms. b, During El Niño, the low-oxygen zone is relatively deep, and the flux of nutrient-rich waters to the surface decreases, lowering primary production and the amount of organic-matter rain. Collectively, these effects result in much lower denitrification and loss of bioavailable nitrogen than in a. The ENSO phenomenon is a periodic reorganization of density, oxygen and nutrient distributions in the upper regions of the ETP that occurs in response to wind-driven changes in ocean circulation 7, 8 . During the El Niño phase of the ENSO cycle, the upper ocean's mean oxygen concentration increases, and the nutrient supply to the surface ocean decreases. The opposite occurs during the La Niña phase of the ENSO (Fig. 1) .
Yang et al. report large interannual variations in denitrification in the ETP in response to the ENSO. In their model, denitrification peaks at 70% above average rates during La Niña, and drops as low as 70% below average during El Niño. The variations do not scale linearly with the associated changes in the volume of low-oxygen zones (± 2%), or in export production -the amount of organic matter formed by primary production that sinks from the surface ocean, which varies by ± 6%. In their detailed analysis, Yang et al. show that the amplification of modest changes in low-oxygen volume and export production to much larger variations in denitrification occurs because denitrification hotspots form at the upper boundary of low-oxygen waters during La Niña, but are eliminated during El Niño, when the upper boundary recedes to greater depths (Fig. 1) . This mechanism has been hinted at previously 9 . The current findings have important implications for our ability to quantify the present oceanic nitrogen budget, and to make projections of future budgets using Earth-system models. First, the large changes in denitrification rate observed over interannual timescales make it difficult to estimate denitrification rates in the ETP from the sparse observations presently available. Estimates of the longterm mean rates will be higher when based on observations made during La Niña, lower when based on observations during El Niño, and will simply be inaccurate if based on observations made during different ENSO phases.
Second, simple scaling arguments suggesting that global denitrification flux in the water column increases with the volume of low-oxygen water (see refs 10 and 11, for example) are questionable. In fact, an upward movement of the upper boundary of low-oxygen waters could lead to more denitrification even if the low-oxygen volume shrinks. The amplification documented by Yang et al. suggests that the match or mismatch of an increased organicmatter supply with low-oxygen conditions, rather than low-oxygen volume, determines water-column denitrification rates.
The challenge for oceanographers is now twofold. Better spatial and temporal coverage of ocean observations is needed to confirm the relationship between physical driving forces and the biological responses described by Yang and colleagues. The rapid maturation of autonomous sensor technology provides realistic prospects of accomplishing this. For example, the proposed Biogeochemical-Argo programme 12 could obtain observations of subsurface ocean properties at high spatial and temporal resolution, using a global array of floats. In addition, the ability of Earth-system models to accurately simulate the observed denitrification amplification must be verified and 
Transgenic stem cells replace skin
The treatment of a patient affected by an incurable genetic skin disease demonstrates the efficacy, feasibility and safety of replacing almost the whole skin using genetically corrected stem cells. See Article p.327 The skin is composed of the epidermis, which acts as a barrier against the external environment, and the underlying dermis, in which the epidermis is firmly anchored, conferring elasticity and mechanical resistance 3 . In the disease epidermolysis bullosa, genetic mutations prevent normal epidermal resistance or anchoring 4 , making the skin fragile. Mechanical stress and minor trauma provoke epidermal fragmentation or detachment from the dermis, causing skin blistering and ulcers. This produces chronic, painful and untreatable wounds, and ultimately leads to skin cancers, infection and sometimes death 4 . There is currently no cure.
The group that performed the current study previously used gene therapy to treat a mild form of epidermolysis bullosa caused by mutations in the gene laminin β3 (LAMB3), which encodes an epidermal anchoring protein 5 . In that study, the authors isolated a small piece of epidermis from a patient and added a normal version of LAMB3 to the isolated epidermal cells, using a retroviral vector to carry the gene into the cells' nuclei. The vector integrated into each cell's genome, enabling normal LAMB3 expression. The group grew the genetically corrected cells in vitro to form a larger piece of epidermis that they transplanted onto the patient's leg, where it engrafted.
Hirsch et al. have taken this strategy much further. A seven-year-old child who had an extremely severe form of epidermolysis bullosa caused by LAMB3 mutations was admitted to hospital in a life-threatening condition, having lost almost his entire skin. The authors took a 4-square-centimetre biopsy from an unaffected part of his skin, genetically corrected cells using a retroviral vector carrying LAMB3, and grew the corrected cell population to obtain 0.85 m 2 of transgenic epidermal grafts. They replaced 80% of the patient's skin with the grafts in three separate operations (Fig. 1) . After 21 months' follow-up, the child seemed to have made a
